Background: Intraoperative and postoperative morbi-mortality factors are multiple in pediatric patients. Studies in pediatric cardiac surgery and intensive care patients have identified transfusion as one independent factor among others.
Introduction
In pediatric patients admitted for surgery under anesthesia, morbi-mortality is related to mutiple factors. Several morbi-mortality risk factors have been identified of which transfusion is one of the independent risk factors in studies concerning pediatric cardiac surgery and critical care patients [1] [2] [3] . This present study was undertaken to determine whether transfusion was an independent morbidity risk factor in pediatric orthopedic patients. The primary endpoint was to identify factors related to morbidity and the secondary endpoint was to identify factors related to length of stay in the intensive care unit (LOSICU), length of stay in hospital (LOSHOSP), total length of stay in hospital (intensive care and standard hospitalisation ward, TLOSHOSP) and duration of mechanical ventilation (LMV)in this pediatric population.
Methods
After approval from the Ethics Committee of Necker University Sick Children's Hospital, Paris, France, under the registration number 2017-CK-5-R1 on 21 March 2017and after declaration of this study to the National Commission of Liberties and Computer Science, Paris, France (CNIL, Commission Nationale des Libertéset del'Informatique) under the registration number 2028257 v0 on 21 February 2017, 195 patients with a median age of 144 months [106. 5-178.5] were included in this study from Necker University Sick Children's hospital.
Inclusion criteria consisted of patients admitted retrospectively for orthopedic surgery and who received blood products [packed red blood cells (PRBC) and/or fresh frozen plasma (FFP) and/ or concentrated platelet units (CPU)] in the intraoperative period (transfusion group) and patients admitted for the same surgical speciality and who did not receive any blood transfusion during surgery orin the postoperative period.
We first included patients who received blood products [packed red blood cells (PRBC) and/or fresh frozen plasma (FFP) and /or concentrated platelet units (CPU)] in the intraoperative period (transfusion group), and then patients who did not receive blood components, in order to include patients with same surgical operations whenever possible.
The local Transfusion Department provided a list of patients who had been transfused in the operation theatre from 1 January 2014 until 31 December 2016.
There were 1500 transfused patients identified of which only 95 were finally retained for the study because of complete data and complete inclusion criteria ( Figure 1 ).
We used the operation theatre programmation system (IPOP) to identify patients who did not receive blood products intraoperatively and postoperatively. 656 patients were identified from 1 January 2014 until May 2017 and 100 were included in the no transfusion group; these patients had similar characteristics and interventions whenever possible as those in the transfusion group (Figure 1 ).
Medical records were analyzed using the computer medical report system (Orbis, Mediweb and Cristalnet).
Data collected consisted of intraoperative and postoperative deaths, complications which included organ failure, infections and repeat surgery regardless of TLOSHOSP (to assess primary outcome); number of days spent in the intensive care unit and in the hospitalisation ward, total number of days spent in hospital, number of days spent under mechanical ventilation (to assess secondary outcome).
Factors that could influence primary and secondary outcomes were collected : age, prematurity, type of surgery, comorbidities, ASA score (American Society of Anesthesiologists Score), emergency surgery, number of units of blood products administered [packed red blood cell units (PRBC), fresh frozen plasma units (FFP), Missing data concerning patient weight, intraoperative blood loss and fluid therapy with crystalloids and colloids, coagulation analysis like international normalized ratio, activated partial thromboplastin time, fibrinogen blood levels which could influence blood transfusion were not taken in to account since they were not always available.
XLSTAT 2018.3 software was used for statistics.
Statistical tests included Student's test for parametrical variables, Chi square or Fischer's exact test to compare category variables; propensity score matching analysis to assess for confounding morbidity factors, logistic and log-linear regressions for multivariate analysis. We considered significant a p-value equals to or less than 0.05.
We firstly identified risk factors with univariate analysis. Secondly we proceeded with multivariate measures: logistic and loglinear regressions to assess for independent predictive risk factors of outcome [4] .
Variables were expressed in mean values with standard deviation (±SD) or in median values with the interquartile range between the first and the third quartiles [q1-q3].
Category variables are expressed as proportions.
Four risk factors were identified [ASA score, emergency surgery transfusion (units of blood products administered PRBC+FFP+CUP) and age] and correlated to the number of deaths (mortality) during hospitalisation, number of patients with intraoperative and postoperative complications (complications), repeat surgery, number of days spent in the intensive care unit (LOSICU), in the hospitalisation ward(LOSHOSP), total number of days spent in hospital (ICU plus hospitalisation ward, TLOSHOSP), and the number of days spent under mechanical ventilation (LMV).
Hemoglobin and platelet levels were not taken in to account for analysis since some of the data was not available.
Results
We included 195 patients, 95 transfused and 100 without transfusion. Table 1 illustrates some characteristics in the transfused and nontransfused patients in univariate analysis. There were no deaths and no premature patients in the two groups.
The median age was not different between the two groups. The number of patients with complications, the number of repeat surgery, the median LOSICU, LOSHSOP, TLOSHOSP, LMV, the number Citation: Kumba of ASA score status III or more patients, the number of emergency interventions were significantly higher in the transfusion group. Table 2 illustrates the type of surgery. Scoliosis was the most common intervention, 63 and 61 patients followed by tumor resection with 11 and 23 patients respectively in the transfused and no transfusion group. Figure 2 illustrates the blood products administered in the transfusion group: PRBC were the most administered (more than 80%), followed by FFP (more than 8%) and followed by CPU (more than 4%). Table 3 shows the mean blood units per patient according to surgery: trauma patients received 3±0 units, tumor resection patients received 2.9±2.5 units and scoliosis patients received 1.6±1.17 units per patient, keeping in mind that scoliosis surgery was the most common intervention with 63 patients and tumor resection the second common with 11 patients of 95 transfused patients.
The most common comorbidity (Table 4 ) was cerebral palsy in the two groups. Ewing sarcoma was the second common comorbidity in the transfusion group. Table 5 illustrates the intraoperative and postoperative complications. The most common intraoperative complication was hemorrhagic shock, the most common postoperative organ failure was neurologic followed by respiratory; the most common postoperative infectious complication was urinary sepsis in the transfusion group. When comparing the rate of each complication between the two groups, the difference was not significant. However the proportion of patients with complications was significantly higher in the transfusion group (p<0.0001, Table 1 ).
After propensity score matching analysis, 100% of the transfused patients and 100% of patients with emergency surgery were matched (Table 6 ).
After logistic regression ( After log-linear regression (Table 8) , ASA score, emergency surgery and transfusion (p-value<0.01) were independent predictive risk factors for LOSICU, LOSHOSP and TLOSHOSP. ASA score, transfusion and age (p-value<0.01) were independent predictive risk factors for LMV.
Discussion
Our study has shown that in this pediatric orthopedic surgical cohort, perioperative and postoperative morbidity was determined by multiple factors.
We focused on some of these factors: transfusion, ASA score, emergency surgery and age. Table 6 : Propensity score matching for transfusion and emergency surgery.
Complications were mostly predicted by transfusion and ASA score. Optimizing transfusion strategies could improve patient outcome. The physiopathology underlying some transfusion related complications have been already described [5, 6] .
Exposure to blood products can be reduced by applying restrictive transfusion strategies, using transfusion protocols based on bedside viscoelastic methods to guide blood components administration during hemorrhagic surgery like scoliosis and trauma [7] [8] [9] [10] . A study in trauma combat patients showed that ROTEM guided blood product administration significantly improves transfusion practices in damage control resuscitation [11] .
Randomized controlled studies are lacking inscoliosis surgery.
One observational prospective study in 210 scoliosis adolescent patients demonstrated that implementation of a perioperative patient blood management program including a goal directed transfusion therapy using thromboelastography reduced red blood cell transfusion [12] .
Other measures like intraoperative administration of tranexamic acid, cell salvage, preoperative iron and erythropoietin supplementation can decrease intraoperative blood transfusion in scoliosis surgery [13] [14] [15] . Randomized controlled trials concerning reduction in blood transfusion with preoperative iron and erythropoietin supplementation in scoliosis pediatric surgery are lacking. ASA score was an independent predictive factor for complications like LOSHOSP and LMV.
This arise the question if the preoperative ASA score could be improved. Studies in adult surgery have demonstrated patient outcome improvement in surgical patients when a goal directed therapy protocol was used intraoperatively [16, 17] .
Studies concerning this subject are rare in pediatric surgery and anesthesia and focus should be directed in developing prospective goal directed protocol studies in children to demonstrate whether outcome is improved.
Enhanced pathway recovery protocols reduce postoperative complications and LOSHOSP. These protocols are well developed in adults and are beginning to develop in children [18] . Enhanced pathway recovery protocols in scoliosis pediatric surgery have been studied and have shown to reduce LOSHOSP [19] .
Emergency surgery was the independent predictive risk factor for repeat surgery : this is consistent with current literature which showed that complications are more common during emergency surgery than elective surgery [20] . Non urgent interventions should be postponed and performed in office hours.
Our survey showed that transfusion is an independent predictive risk factor of postoperative outcome in this cohort. This finding confirms what has been demonstrated in cardiac and critical care pediatric patients. Transfusion protocols guided by point of care methods in potential hemorrhagic surgery can improve transfusion strategies and thus reduce blood product requirements. Developing intraoperative goal directed fluid therapy protocols and enhanced recovery pathway protocols in children can contribute to reduce postoperative complications and reduce length of hospital stay. Randomized controlled trials are necessary to concretize these practices in children. Our study had limits: firstly it was retrospective with missing data and secondly not all data that could have influenced outcome was analyzed.
